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THE PROBLEM OF PROLONGED, AUTONOMOUS HUMAN EXISTENCE 
I N  A SPACE SUIT 

A. M. Genin and L. G. Golovkin 

(Academy of Sciences of t h e  USSR) 

ABSTRACT 

The au thors  cons ider  t h e  f e a s i b i l i t y  of maintaining 
t h e  thermal  balance of a cosmonaut i n  a space s u i t  u t i l i z i n g  
only phys io log ica l  pe r sp i r a t ion .  Two series of tests w e r e  
conducted i n  a thermal  pressure  chamber t o  determine t h e  de- 
gree  of i n t e n s i t y  of phys io logica l  h e a t  c o n t r o l  and t h e  per- 
formance capac i ty  and t h e  genera l  cond i t ion  of an organism. 
On t h e  b a s i s  of t h e  experiments i t  i s  a s s e r t e d  t h a t  f o r  a 
per iod  of 3 t o  4 hours a man i n  a space  s u i t  is  a b l e  t o  d i s -  
s i p a t e  by t h e  evaporat ion of p e r s p i r a t i o n  200-220 k c a l / h r  of 
hea t  produced e i t h e r  i n t e r n a l l y  o r  e x t e r n a l l y .  
thermal  load  i s  decreased,  the  du ra t ion  a man can wi ths tand  
such cond i t ion  i s  g r e a t l y  increased.  

When t h e  t o t a l  

Maintaining t h e  thermal  balance of t h e  organism of a man wearing a 
space s u i t  i n  open cosmic space o r  i n  a cabin  wi th  t h e  hermetic  seal broken 
e n t a i l s  c e r t a i n  t e c h n i c a l  problems, t he  s u c c e s s f u l  s o l u t i o n  of which necess i -  
tates t h e  de te rmina t ion  of t h e  phys io logica l  c a p a b i l i t i e s  of t h e  organism of 
a man exposed t o  condi t ions  s o  unusual f o r  him. 

/1* 

A t  t h e  p re sen t  t i m e ,  r esearch  and des ign  work has  been done which has  
made i t  p o s s i b l e  t o  create varying hea t  c o n t r o l  systems f o r  space s u i t s .  
main problem i n  a hea t  c o n t r o l  system f o r  a space s u i t  i s  t h e  removal of endo- 
gen ic  h e a t ,  t h e  amount of which f l u c t u a t e s  w i t h i n  wide l i m i t s  (from 90 t o  
500 k c a l / h r )  depending on t h e  a c t i v i t i e s  which t h e  cosmonaut performs. 
exchange between t h e  space s u i t  and the  surrounding space by r a d i a t i o n  can be  
kep t  t o  a minimum by us ing  screening-vacuum thermal  i n s u l a t i o n .  

The 

Thermal 

Most of t h e  systems which have been developed are based on t h e  use  of t h e  
latent h e a t  der ived  from t h e  evaporat ion of water. The i n t e n s i t y  of t h i s  pro- 
cess and, consequent ly ,  t h e  co ld  p roduc t iv i ty  of t h e  system under t h e  cond i t ions  
obta ined  i n  space can e a s i l y  be  regula ted  by t h e  use  of t h e  vacuum of o u t e r  
space  f o r  t h i s  purpose. Heat removal from t h e  space enclosed by t h e  space  
s u i t  is accomplished e i t h e r  by d i r e c t  con tac t  between t h e  evaporat ing w a t e r  and 
t h e  o u t e r  j a c k e t  of t h e  space s u i t ,  or  by use  of evapora t ive  o r  subl imat ive  
thermal  exchangers wi th  l i q u i d  o r  a i r  c i r c u i t s .  
and i n  some o t h e r  cases, h e a t  exchange by p e r s p i r a t i o n  has  a cons iderable  r o l e  
i n  t h e  h e a t  exchange mechanism of a man i n  a space s u i t .  

During t h e  use  of a i r  c i r c u i t s ,  

I n  some cases (with /2 - 

*Numbers g iven  i n  t h e  margin i n d i c a t e  t h e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  
text .  
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inadequate  cool ing  of t h e  a i r  used f o r  v e n t i l a t i o n  o r  external thermal  
evaporat ion may prove t o  be  t h e  only way t o  release t h e  h e a t  produced by t h e  
organism. 

I n  t h i s  r e p o r t  cons ide ra t ion  i s  given t o  t h e  f e a s i b i l i t y  of main ta in ing  
t h e  thermal  balance of a cosmonaut i n  a space s u i t  u t i l i z i n g  only  physiologi-  
cal  p e r s p i r a t i o n .  
s k i n  and i n  t h e  lungs f o r  removing endogenic h e a t  and compensation f o r  t h e  ex- 
t e r n a l  h e a t  load  proved t o  be most advantageous from t h e  p o i n t  of view of ex- 
pend i tu re  of materials and energy. The technologica l  s o l u t i o n  of t h i s  t a s k  
could be  t h e  s imples t  poss ib l e ,  almost precluding t h e  p o s s i b i l i t y  of f a i l u r e  
o r  breakdown. 
By u t i l i z i n g  t h i s  system w e  knowingly f a i l  t o  create a comfortable  h e a t  regime 
and t o  main ta in  a normal thermal  balance.  

Direct use  of evaporat ion of t h e  l i q u i d  depos i ted  on t h e  

The shortcomings of such a h e a t  removal system are obvious. 

Two series of tests were conducted i n  a thermal p re s su re  chamber f o r  t h e  
purpose of determining t h e  degree of i n t e n s i t y  of phys io log ica l  h e a t  c o n t r o l  
and performance capac i ty  and t h e  genera l  cond i t ion  of an  organism. 

I n  t h e  f i r s t  series of tests, conducted a t  a h igh  temperature  (more than 
+40 C), a s tudy  w a s  made of an organism's c a p a b i l i t y  t o  compensate f o r  t h e  
e f f e c t s  of an e x t e r n a l  thermal  load  f o r  a r e l a t i v e l y  s h o r t  pe r iod  of t i m e  
(from 2 t o  10 hours)  under cond i t ions  of bo th  relative q u i e t  and phys ica l  
a c t i v i t y .  The va lue  of t h e  e x t e r n a l  thermal load w a s  in t roduced  by c r e a t i n g  
a p p r o p r i a t e  temperatures  i n s i d e  t h e  thermal p re s su re  chamber. 

The s u b j e c t s  were dressed  i n  space s u i t s  v e n t i l a t e d  wi th  dry a i r  i n  a 

To avoid dehydrat ion of t h e  organism i n  tests l a s t i n g  more than  3 

An abso lu te  p re s su re  of 354--267 mmHg w a s  maintained i n  t h e  space 

q u a n t i t y  which provided almost complete evapora t ion  of t h e  p e r s p i r a t i o n  re- 
l eased .  
hours ,  t h e  s u b j e c t s  w e r e  given an unl imited (but s t r i c t l y  measured) amount of 
l i q u i d .  
s u i t .  The s ta te  of thermal  exchange of t h e  s u b j e c t s  w a s  eva lua ted  from temper- 
a t u r e  i n d i c a t o r s  and i n d i c a t o r s  of  t h e  primary phys io log ica l  func t ions .  
t h e  tests, recordings w e r e  made of t h e  rectal temperature ,  t h e  s k i n  temperature  
i n  5 p l a c e s ,  t h e  temperature  of the space w i t h i n  the space  su'it, t X E e a t  
product ion  as determined from a s tudy  of gas exchange i n  t h e  lungs ,  mois ture  
l o s s ,  e f f e c t i v e n e s s  of evapora t ion  of p e r s p i r a t i o n ,  and h e a r t  and r e s p i r a t i o n  
rates. 

-I_ -. 
During / 

A t o t a l  of 25 tests were made with t h e  p a r t i c i p a t i o n  of 7 test  s u b j e c t s .  
The b a s i c  r e s u l t s  are shown i n  Table  1. 

From t h e  information presented  ,i,n t h e  t a b l e ,  i t  fo l lows  t h a t  dur ing  a 2- 
hour  exposure of t h e  s u b j e c t s  i n  t h e  thermal chamber, w i t h  an external thermal  
load  e q u a l  t o  133 k c a l / h r ,  t h e  i n i t i a l  s i g n s  of overhea t ing  were noted.  
tempera ture  of t h e  body rose  by 0.3' and t h e  h e a r t  rate increased  somewhat. 
The v a l u e  of t h e  o v e r a l l  thermal  load i n  t h e s e  experiments w a s  219 k c a l / h r  /3 
and t h e  l o s s  of moisture  equal  t o  357 g /h r .  
evapora ted .  

The 

A l l  p e r s p i r a t i o n  w a s  completely 

With a decrease  i n  t h e  e x t e r n a l  thermal load and w i t h  t h e  t o t a l  l oad  kept  
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a t  approximately t h e  same level (by performance of measured phys ica l  work) no 
s i g n s  of overheat ing were observed even with longer  exposure. 
t h e  l o s s  of mois ture  by t h e  s u b j e c t s  w a s  somewhat g r e a t e r  and came t o  398 g /h r .  

I n  t h i s  case 

Table 1 

Seve ra l  I n d i c a t o r s  of Heat Exchange i n  Subjec ts  
Tested i n  Experiments Conducted a t  a High Temper- 
a t u r e  i n  a Thermal Pressure  Chamber (mean da ta)  

I n d i c a t o r s  Groups of tests 
F i r s t  Second Third 

Durat ion (h r )  10 

s u b j e c t  (kca l /h r )  119 
T o t a l  thermal load  on 

Product ion of hea t  (kca l /hr )  7 3  
Ex te rna l  thermal load  (kca l /hr )  46 
Accumulation of h e a t  i n  

Moisture  l o s s  i n  sub jec t  (g/hr) 210 
Evaporat ion of p e r s p i r a t i o n  

ChGgY i n  p u l s e  rate during t e s t  

organism (kca l /h r )  0 

( i n  % of moisture  l o s s 1  100 

( i n  % of i n i t i a l  value)  -2 

3 2 

204 2 19  
14 1 86 

63 133 

0 9 
39 8 35 7 

89 100 

+3 +3 

With lower q u a n t i t i e s  of e x t e r n a l  thermal load  (on the  o r d e r  of 46 kca l /h r )  
t h e  cond i t ion  of t h e  s u b j e c t s  w a s  somewhat b e t t e r ,  t h e  l o s s e s  of mois ture  w e r e  
reduced t o  210 g / h r ,  and t h e  s u b j e c t s  r a t e d  t h e  temperature  as "warm." The 
s u b j e c t s  remained i n  t h e  thermal p r e s s u r e  chamber 10 hours each. 
pe r iod  t h e i r  o v e r a l l  condi t ion  d id  no t  change wi th  t h e  except ion of gene ra l  
f a t i g u e  occurr ing  a t  t h e  end of t h e  experiment. 

During t h i s  

The r e s u l t s  of t he  tests agree with informat ion  i n  the  a v a i l a b l e  l i tera- 

Apparently inc reas ing  t h e  ex- 
t u r e  t h a t  muscular work is  a more a c t i v e  s t imu lan t  of p e r s p i r a t i o n  than ex- 
t e r n a l  h e a t  a c t i n g  on t h e  s k i n  ex teroceptors .  
t e r n a l  thermal  load  w i l l  be  t o l e r a t e d  by cosmonauts wi th  more d i f f i c u l t y  than  
an e q u a l  i n c r e a s e  i n  h e a t  product ion of t h e  organism due t o  an inc rease  i n  
p h y s i c a l  a c t i v i t y .  

I n  t h i s  way t h e  experiments which were conducted make i t  p o s s i b l e  t o  
state t h a t  a man i n  a space s u i t  is ab le ,  f o r  a c e r t a i n  per iod  of t i m e  (on 
t h e  o r d e r  of 3--4 hour s ) ,  t o  d i s s i p a t e  by t h e  evaporat ion of p e r s p i r a t i o n  
200--220 k c a l / h r  of hea t  produced e i t h e r  i n t e r n a l l y  o r  ex te rna l ly .  
t o t a l  thermal  load  is  decreased, t h e  t i m e  t h a t  a man can wi ths tand  such /4 
c o n d i t i o n s  is  g r e a t l y  increased.  

When t h e  

3 



For t h e  purpose of determining t h e  c a p a b i l i t y  of an organism t o  main ta in  
a thermal  ba lance  f o r  an extended per iod of t i m e  through thermal  exchange by 
evapora t ion ,  a series of 7-day experiments w e r e  conducted during t h e  spr ing-  
summer per iod  of t h e  y e a r  i n  a thermal p re s su re  chamber i n  which condi t ions  
w e r e  c r ea t ed  t o  s imula te ,  as f a r  as hea t  w a s  concerned, f l i g h t  i n  t h e  cabin  
of an unsealed spaceship.  

I -  
~ 

The s u b j e c t s  ( t h r e e  hea l thy  men ranging i n  age from 2 1  t o  38 years )  w e r e  
d ressed  i n  space s u i t s  i n  which an absolu te  p re s su re  of 300 mmHg w a s  main- 
ta ined .  The r e s i d u a l  p re s su re  i n  t h e  test  chamber w a s  5--6 mmHg and the  
p re s su re  levels i n  t h e  test  chamber and t h e  space s u i t  d i d  n o t  vary  during 
t h e  e n t i r e  experiment. To preclude thermal exchange through t h e  o u t e r  
covering of t h e  space s u i t ,  t h e  temperature of t h e  chamber w a l l s  and t h e  
i n t e r n a l  a i r  w e r e  kept  a t  a level corresponding t o  t h e  temperature  of t h e  
gas  mixture  i n s i d e  t h e  space s u i t .  

The s u b j e c t  w a s  s e a t e d  i n  a s p e c i a l  c h a i r  wearing a c a r e f u l l y  ad jus t ed  
space  s u i t .  By means of an  e l e c t r i c  d r i v e  system, t h e  ang le  of i n c l i n e  of 
va r ious  p a r t s  of t he  c h a i r  could be  changed w i t h i n  a wide range and i t  could 
even conve r t  i n t o  a h o r i z o n t a l  su r f ace .  The necessary  l i f e - suppor t  condi t ions  
w e r e  provided f o r  t h e  s u b j e c t s  by s p e c i a l  l abo ra to ry  systems which d i d  no t  
r e q u i r e  a change i n  the  p re s su re  i n  t h e  cahamber and t h e  space s u i t .  Food 
w a s  d e l i v e r e d  t o  t h e  space s u i t  i n  l i q u i d  form. 
unl imi ted .  Pure oxygen w a s  f e d  t o  t h e  helmet f o r  brea th ing .  The muscular 
a c t i v i t y  of t h e  s u b j e c t s  w a s  l i m i t e d  t o  c o n t r o l l i n g  t h e  l i f e - suppor t  systems 
and execut ing  f u n c t i o n a l  tests f o r  purposes of s tudying  t h e  cond i t ion  of t he  
ca rd iovascu la r  system. 

Consumption of water w a s  

I n  t h e  experiments use w a s  made of two modes f o r  v e n t i l a t i n g  t h e  space 
s u i t .  I n  one, t he  temperature  of the  a i r  being de l ive red  t o  t h e  space s u i t  
w a s  s i m i l a r  to  t h e  temperature  on t h e  su r face  of t h e  body and a l l  endogenic 
h e a t  w a s  removed by t h e  evaporat ion of p e r s p i r a t i o n .  
25-40% of t h e  h e a t  was  removed from the space s u i t  f o r  purposes of hea t ing  
t h e  a i r  used f o r  v e n t i l a t i o n .  

I n  t h e  o t h e r  mode, 

While studying t h e  body h e a t  of the  s u b j e c t s  measurements w e r e  made of 
t h e  energy consumed, loss of mois ture  o the r  than through t h e  kidneys,  t h e  
tempera ture  of t h e  body (under t h e  tongue) of t h e  s k i n  ( i n  7 p l a c e s ) ,  and 
of t h e  a i r  leaving  t h e  space s u i t ,  and a l s o  t h e  temperature  and humidity of 
t h e  a i r  i n s i d e  t h e  space s u i t .  A c a l c u l a t i o n  of t h e  h e a t  exchange i n  t h e  
s u b j e c t s  w a s  made based on t h e  i n d i c a t o r s  named above. 

I n  a d d i t i o n  t o  a s tudy  of t h e  hea t  i n  t h e  bodies  of t he  s u b j e c t s ,  a s tudy  
was  made of t h e  dynamics of s e v e r a l  func t iona l  i n d i c a t o r s  of t h e  cardiovas- 
c u l a r  system, r e s p i r a t i o n ,  metabol ic  processes ,  and performance capac i ty .  

The m a x i m u m  du ra t ion  of one experiment w a s  7 days 17  hours.  One experi-  
ment w a s  terminated a t  t h e  end of 4 days because of marked d e t e r i o r a t i o n  /5 
i n  t h e  cond i t ion  of one of t h e  sub jec t s .  
form main ly  of overheat ing of h i s  body and r educ t ion  i n  t h e  func t ioning  capac- 

The changes i n  cond i t ion  took t h e  
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i t y  of t h e  card iovascular  system. 

. A s  a r e s u l t  of t h e  i n v e s t i g a t i o n  which w a s  performed, i t  w a s  e s t a b l i s h e d  
t h a t  t h e  complex of e f f e c t s  a s soc ia t ed  with a prolonged s t a y  by man i n  a 
space s u i t  under condi t ions  of excess p re s su re  a t  an " a l t i t u d e "  r e s u l t s  i n  a 
s e r i o u s  s t r a i n  on t h e  organism, r equ i r ing  cons t an t  and p r o t r a c t e d  e f f o r t  on 
t h e  p a r t  of compensatory mechanisms. 
condi t ion  of a l l  the  s u b j e c t s  and the  l e v e l  of t h e i r  performance a b i l i t y  
d i d  no t  r e f l e c t  any s i g n i f i c a n t  changes. 
i n  t h e  f u n c t i o n a l  cond i t ion  of t h e  s u b j e c t s  appeared which w e r e  d i r e c t l y  
r e l a t e d  t o  t h e  ex ten t  and du ra t ion  of the e f f e c t s  of h e a t  (Table 2) .  

i 

During the  f i r s t  3 days,  t h e  o v e r a l l  

On t h e  4 th  and 5 t h  days,  changes 

Table 2 

Heat Exchange and Water Consumption during Prolonged 
Stay  i n  a Space S u i t  a t  an A l t i t u d e  (mean d a i l y  va lues)  

I n d i c a t o r s  

Heat product ion (kcal/day) 

Heat r e l e a s e d  by 
evapora t ion  (kcal/day) 
Heat r e l eased  t o  warm 
v e n t i l a t i n g  a i r  (kca l /  day) 
Heat r e l eased  through t h e  
o u t e r  l a y e r  of t he  space s u i t  
( k c a l  / day) 
Loss of mois ture  o t h e r  than 
through t h e  kidneys (g/day) 
Water consumption (g/day) 

Sub jec t s  
A B C 

l s t -7 th  l s t - 4 t h  l s t -5 th  
days days days 

1907 2038 2324 

1241 2 118 2319 

451 10 8 95 

-2 15  +188 -90 

2141 3653 3999 
2767 4435 4429 

6th-7th 
days 

2450 

1416 

787 

-247 

2442 
2518 

Change i n  weight of body 
dur ing  t h e  test  (8) +650 +3650 +1600 

Note: The hea t  r e l eased  through the  o u t e r  l a y e r  of t h e  space 
s u i t  w i th  a p lus  (+) s i g n  i n d i c a t e s  h e a t  flow i n t o  t h e  space s u i t  and 
w i t h  a minus (-) s i g n  h e a t  f low out of t h e  space s u i t .  

The d i f f e r e n c e s  i n  the  way i n  which h e a t  w a s  r e l e a s e d  by t h e  s u b j e c t s  
l e d ,  a t  t h e  end of t h e  experiments,  t o  very  g r e a t  d i f f e r e n c e s  i n  t h e i r  
o v e r a l l  condi t ion .  I n  t h e  case of A ,  whose space s u i t  f o r  a l l  7 days w a s  
v e n t i l a t e d  wi th  cooled a i r ,  no marked s t r a i n  on t h e  temperature  c o n t r o l  sys- 
t e m  w a s  noted.  The body temperature  s tayed  wi th in  t h e  limits of 36.5-37.2"C 
and t h e  average  temperature  of t h e  sk in  w i t h i n  t h e  l i m i t s  of 34.6-36.3"C 
(Fig.1).  The h e a r t  rate i n  a s ta te  of r e l a t i v e  q u i e t  d i d  n o t  exceed 
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80 beats/min. 
t o  2140 g. The s u b j e c t  r a t e d  h i s  hea t  condi t ion  as "warm". I n  a c l i n i c o -  
phys io log ica l  examination a f t e r - t h e  experiment, no s i g n i f i c a n t  cTianges i n  
comparison wi th  i n i t i a l  d a t a  w e r e  noted. The changes noted were expla ined  
by o v e r a l l  f a t i g u e  and relative hypodynamia during t h e  7 days of t h e  exper- 
ment . 

The d a i l y  loss of moisture  o t h e r  than  through t h e  kidneys w a s  equal  

I n  t h e  experiments involv ing  an  increased  thermal  load  wherein almost  
a l l  endogenic h e a t  was  removed through evaporat ion of p e r s p i r a t i o n  (experi-  
ment conduted wi th  B and t h e  f i r s t  5 days of t h e  experiment conducted wi th  
C) t h e  s t r a i n  on t h e  hea t  c o n t r o l  system w a s  more marked. Loss of moi s tu re  
o t h e r  than  through the  kidneys was  3650--4000 g/day. 

Fig.  1. Dynamics of body temperature ,  weighted mean 
average of s k i n  temperature ,  mois ture ,  and 
temperature of the  a i r  leav ing  t h e  space s u i t  
i n  t h e  experiment conduted wi th  A: 

1--body temperature (under t h e  tongue);  
2--weighted mean s k i n  temperature;  3--air 
temperature  on leaving  t h e  space s u i t ;  
4--moisture i n  a i r  on leaving t h e  space s u i t .  

For  t h e  f irst  3 days of t h e  t e s t  it w a s  poss ib l e  t o  main ta in  t h e  hea t  
ba l ance  of t h e  organism as is r e f l e c t e d  by t h e  r e l a t i v e l y  s t a b l e  temperature  
of t h e  body and t h e  s k i n  (Fig 2 ) .  
symptom of overheat ing of t h e  organism began t o  appear ,  manifested through 
i n c r e a s e s  i n  body temperature  and inc reases  i n  frequency of ca rd iac  contrac-  
t i o n  began t o  appear.  
mum v a l u e s  on t h e  5 th  day. The experiment wi th  B w a s  terminated.  The tempera- 
t u r e  of t h e  a i r  being de l ive red  t o  B's space s u i t  w a s  lowered t o  normalize h i s  
h e a t  ba lance .  
t empera ture  dropped t o  37.5OC and t h e  h e a r t  rate dropped t o  64--72 beats /min.  
During t h e  next  2 days of t h e  t es t ,  the body temperature  remained wi th in  /7 

However, on t h e  4 th  day, i n  both  s u b j e c t s ,  

Gradually inc reas ing ,  t hese  phenomena a t t a i n e d  t h e i r  maxi- 

In 6 hours  B's hea t  balance w a s  r e l a t i v e l y  normal again.  The body 

~- . .. . _I ~ ..__. . .. . , .. - . . 
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t h e  limits of 37.0--37.6"C. 
va lues  somewhat and w a s  equal  t o  35.5--36.5OC. 

The l e v e l  of the s k i n  temperature  exceeded normal 

I .  

\I .' 
~ . . .  . .  

Fig.  2. D y n a m i c s  of body temperature ,  weighted mean 
s k i n  temperature  and mois ture  and temperature  
of t h e  a i r  leaving t h e  space s u i t  i n  t h e  test 
wi th  C. 

Key i s  same as f o r  Fig.  1. 

The reason  f o r  such marked changes i n  t h e  h e a t  ba lance  of B and C on t h e  
4 t h  day of t he  experiment,  i n  a l l  p r o b a b i l i t y ,  w a s  s t r a i n  on t h e  h e a t  c o n t r o l  
mechanism which w a s  exposed t o  cons tan t  stress over an extended pe r iod  of t i m e .  
This  a p p l i e s  p a r t i c u l a r l y  t o  t h e  funct ion of p e r s p i r a t i o n .  
water consumption i n  C, t he  loss of mois ture  o t h e r  t han  through t h e  kidneys 
decreased  somewhat and t h i s  might have caused g radua l  overheat ing.  

With t h e  unl imi ted  

During a c l in i co -phys io log ica l  check a f t e r  t h e  experiment wi th  B y  
marked f a t i g u e  wi th  astheno-vegetat ive r e a c t i o n s  w a s  noted and a l s o  hypo- 
s t a t i c  edema of t h e  lower extremities. The edema of t h e  lower extremities 
which w a s  found probably had a d u a l  na ture .  
been a r e s u l t  of remaining f o r  a n  extended per iod  i n  a f i x e d  p o s i t i o n  wi th  
t h e  f e e t  down, and on t h e  o t h e r ,  a consequence of a n  inc rease  i n  t h e  perme- 
a b i l i t y  of t h e  c a p i l l a r i e s  and d i s rup t ion  of t h e  e l e c t r o l y t e  ba lance  wi th  
i n c r e a s e d  l o s s  of mois ture  o t h e r  than  through t h e  kidneys.  

On one hand, t h e  edema may have 

Provid ing  for  somewhat f r e e r  movement and an oppor tuni ty  t o  rest and 
s l e e p  i n  a h o r i z o n t a l  p o s i t i o n  wi th  the  feet  e l eva ted  i n  t h e  experiment 
conducted w i t h  A and a l s o  a decrease  i n  t h e  h e a t  l oad  precluded t h e  devel- 
opment of edema. According t o  d a t a  from h y d r o s t a t i c  weighing ( m a t e r i a l s  of 
A. G .  Zhanova), i n  A t h e  non-fatty component of t h e  body (p r imar i ly  t h e  w a t e r  
component) increased  by only 350 g. 
t h e  experiment under condi t ion  of increased  thermal  load ,  t o  s l e e p  and rest 

In C y  who was g iven  a chance, during /8 
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i n  a h o r i z o n t a l  p o s i t i o n ,  no edema w a s  found. However, a f t e r  t h e  test  t h e  
water component of the body w a s  found t o  be 1000 g heav ie r .  Moreover, during 

crease i n  t h e  u r i n e  passed (1525 g/day) was observed i n  comparison wi th  ind i -  
c a t o r s  f o r  t h e  preceding days (500--740 g/day).  

I 

A t h e  last  days of t h e  test when t h e  thermal load  w a s  decreased,  a marked in-  

The q u a n t i t y  of u r i n e  i n  A 
* and B i n  t h e  experiment w a s  663 and 758 g/day, r e spec t ive ly .  

Such a h igh  d i u r e s i s  w i th  a r e l a t i v e l y  small water consumption and s t i l l  
s i g n i f i c a n t  l o s s e s  of moi s tu re  o t h e r  than through t h e  kidneys i s  evidence, 
apparent ly ,  of t h e  l a t e n t  edema which began t o  develop a f t e r  t h e  decrease 
i n  t h e  thermal load.  
experiment: f a t i g u e ,  vascular -vegeta t ive  i n s t a b i l i t y .  During t h e  next  3 days 
a l l  changes which had been observed disappeared. 

The fol lowing d iagnos is  w a s  g iven  f o r  C a f t e r  t h e  

Thus,during t h e  experiments i n  which a l l  t h e  hea t  r e l e a s e d  by t h e  s u b j e c t s  
w a s  r e l e a s e d  through evaporat ion of p e r s p i r a t i o n ,  main ta in ing  a thermal  bal-  
ance w a s  p o s s i b l e  t o  3--4 days a f t e r  which symptoms of overheat ing of t h e  
body appeared. A f t e r  4--5 days s i g n s  of wear on t h e  h e a t  c o n t r o l  system ap- 
peared,  accompanied by overheat ing.  Conditions i n  which 25--40% of t h e  
endogenic h e a t  is  removed t o  hea t  t h e  a i r  used f o r  v e n t i l a t i o n  are completely 
t o l e r a b l e  f o r  a p r o t r a c t e d  t i m e  although they  are as soc ia t ed  wi th  a c e r t a i n  
s t r a i n  on the  h e a t  c o n t r o l  system. It w a s  a l s o  proven i n  p r i n c i p l e  t h a t ,  
l i f e  could be supported and t h a t  a cosmonaut could work i n  h i s  space s u i t  
f o r  a per iod  of 7 days,  i f  t h e  seal of t he  cabin  of t h e  spaceship  is broken 
i n  an  emergency. 

It should be s t r e s s e d  t h a t  t h i s  conclusion a p p l i e s  t o  test s u b j e c t s  who 
had n o t  been accl imated and who remained i n  a s ta te  of re la t ive q u i e t  (mean 
d a i l y  expendi ture  of energy 1900--2400 kca l )  when movement w a s  g r e a t l y  l i m -  
i t e d  and water consumption unl imited.  

T rans l a t ed  f o r  Nat iona l  Aeronautics and Space Adminis t ra t ion by 
INTERNATIONAL INFORMATION INCORPORATED. 
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